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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a loss of a resonance energy at an 
electrode and to make the stability of a resonance frequency proper with respect 
to temperature changes. 

SOLUTION: A piezoelectric resonator has a substrate 2, and a plurality of 
resonators formed on the substrate 2, each having a transducer 4 of a structure, 
in which at least a pair of upper electrode 4b and a lower electrode 4a, arranged 
opposed and sandwiched by the upper and lower surfaces of an inside thin film, 
having at least one or more piezoelectric thin film. The piezoelectric resonator 
further comprises one or more outside thin film 4c, including a piezoelectric thin 
film or a dielectric thin film under the lower electrode 4a, in such a manner that 
the transducer 4 oscillates in an oscillation mode of an n-fold wave (where n is an 
integer of 2 or larger) and the electrodes 4b and 4a are provided at positions of 
the antinodes of substantially n-fold waves. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Have the oscillating section of the structure which the up electrode and 
lower electrode of a pair are made to counter at least, and faces across the 
vertical side of the inside thin film section which has the piezo-electric thin film of 
at least one or more layers currently formed in the substrate and said substrate. 
While having the outside thin film section of one or more layers which contains a 
piezo-electric thin film or a dielectric film under said lower electrode in the piezo 
resonator which prepared two or more resonators Said oscillating section is a 
piezo resonator characterized by what it vibrates by the oscillation mode of a 
wave (however, n two or more integers) n times, and said up electrode and the 
lower electrode are prepared for in the outline and the location of the antinode of 
said n time wave. 

[Claim 2] The piezo resonator characterized by what is set as the value to which 
said thickness ratio r carries out the resonance frequency temperature coefficient 
of the whole piezo resonator concerned near zero when it makes [ the thickness 
of said outside thin film section ] r=to/ti the thickness ratio of ti and both the thin 



film section for the thickness of to and said inside thin film section in a piezo 
resonator according to claim 1 , said n time wave having been used as 2 double 
wave. 

[Claim 3] The piezo resonator characterized by what is considered as the 
combination which has the resonance frequency temperature coefficient from 
which each thin film differs mutually in either [ at least ] said inside thin film 
section or the outside thin film section in a piezo resonator according to claim 1 
or 2. 

[Claim 4] The piezo resonator characterized by what is consisted or more of at 
least one of the thin film with which said outside thin film section uses Si02 thin 
film as a principal component, the thin film which uses a SiN thin film as a 
principal component, and the thin films which use 20aluminum3 thin film as a 
principal component in a piezo resonator according to claim 1 to 3. 
[Claim 5] The piezo resonator characterized by what is consisted or more of at 
least one of the thin film with which said inside thin film section uses ZnO as a 
principal component, the thin film which uses AIN as a principal component, the 
thin film which uses titanic-acid lead zirconate as a principal component, the thin 
film which uses lead titanate as a principal component, and the thin films which 
use barium titanate as a principal component in a piezo resonator according to 
claim 1 to 4. 

[Claim 6] It is the piezo resonator characterized by for said substrate having 

opening or a crevice in a piezo resonator according to claim 1 to 5, and forming 

said oscillating section on said opening or a crevice. 

[Claim 7] The filter characterized by the thing have the plurality of a piezo 

resonator according to claim 1 to 6, and it comes to connect the electrodes in 

those piezo resonators to the configuration of a filter circuit. 

[Claim 8] The filter characterized by coming to connect a piezo resonator 

according to claim 1 to 6 with plurality and a ladder mold. 

[Claim 9] The duplexer characterized by being constituted using a filter according 

to claim 7 or 8. 



[Claim 10] Electronic communication equipment characterized by what it has one 
or the plurality of a piezo resonator according to claim 1 to 6, and those piezo 
resonators are used for electronic communication link actuation for. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezo resonator which uses 
piezoelectric material and a dielectric material as a thin film, and forms an 
oscillating part as multilayer structure, in more detail, is used for a filter, a radiator, 
etc. and relates to a VHF band, a UHF band, and the piezo resonator that carries 
out thickness longitudinal oscillation in the ultrahigh frequency band beyond it 
further. This invention relates to the filter and electronic communication 
equipment which used this piezo resonator again. 
[0002] 

[Description of the Prior Art] In the case of the piezo resonator using thickness 
longitudinal oscillation, there are some which make it the gestalt which infixed the 
piezoelectric film with very thin thickness in inter-electrode using the resonance 



frequency having a relation in inverse proportion to the thickness of a 
piezoelectric film, and obtain a resonance response in the number band of 
ultrahigh frequency. 

[0003] In such a piezo resonator, there is a thing of the thickness longitudinal- 
oscillation mold equipped with the substrate which has opening which penetrated 
the front rear face, the diaphram which consists of Si02 thin film in which said 
opening was prepared on this substrate with the wrap gestalt, and the oscillating 
part which comes to infix a ZnO thin film between the counterelectrodes of the 
pair prepared on said diaphram. 

[0004] And there are some which lost the loss of the resonance energy in an 
electrode as a gestalt which exists the antinode of a fundamental wave in an 
electrode as structure which inserted the piezoelectric film into the electrode of a 
vertical pair, and made that resonance characteristic good in this kind of piezo 
resonator. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the fundamental wave 
was used in the case of the above-mentioned conventional piezo resonator and a 
resonance frequency temperature coefficient is sharply changed by thickness 
ratio fluctuation with said Si02 thin film and ZnO thin film in the case of a 
fundamental wave though the loss of resonance energy decreases, resonance 
frequency tends to change a lot by the temperature change, therefore the 
stability of the resonance frequency to a temperature change is low. 
[0006] Therefore, this invention makes it the technical problem which should be 
solved to reduce the loss of the resonance energy in an electrode, and to make 
good stability of the resonance frequency to a temperature change. 
[0007] 

[Means for Solving the Problem] This invention has the oscillating section of the 
structure which the vertical side of the inside thin film section which has the 
piezo-electric thin film of at least one or more layers currently formed in the 
substrate and said substrate is made to counter, and faces the up electrode and 



1 



lower electrode of a pair across it at least. While having the outside thin film 
section of one or more layers which contains a piezo-electric thin film or a 
dielectric film under said lower electrode in the piezo resonator which prepared 
two or more resonators It is characterized by for said oscillating section vibrating 
by the oscillation mode of a wave (however, n two or more integers) n times, and 
preparing said up electrode and the lower electrode in the location of the 
antinode of a wave an outline and said n times. 

[0008] According to this invention, since the up electrode and the lower electrode 
are prepared in the outline and the location of the antinode of a n time wave, they 
can reduce the loss of the resonance energy in these electrodes. And by this 
invention, since a thickness ratio field where a resonance frequency temperature 
coefficient is not changed sharply exists even if it changes somewhat the 
thickness ratio of each of said thin film section by vibrating by the oscillation 
mode of a wave n times, stability of the resonance frequency is carried out to a 
temperature change by setting a thickness ratio as the field. 
[0009] This invention is set as the value to which said thickness ratio r carries out 
the resonance frequency temperature coefficient of the whole piezo resonator 
concerned near zero, when it makes [ the thickness of said outside thin film 
section ] r=to/ti preferably the thickness ratio of ti and both the thin film section for 
the thickness of to and said inside thin film section, said n time wave having been 
used as 2 double wave. 

[0010] Stability of the resonance frequency is carried out to a temperature 
change still more effectively by a wave being made into 2 double wave n times in 
such a case. 

[0011] Let this invention still more preferably be the combination which has the 
resonance frequency temperature coefficient from which each thin film differs 
mutually in either [ at least ] said inside thin film section or the outside thin film 
section. 

[0012] This combination includes both the combination between each thin film 
which constitutes the outside thin film section, and the combination between 



each thin film which constitutes the inside thin film section and each outside thin 
film section, when the combination between each thin film which constitutes the 
inside thin film section when the inside thin film section consists of two or more 
thin films, and the outside thin film section consist of two or more thin films. 
[0013] Since the resonance frequency temperature coefficient of the whole piezo 
resonator concerned can be set up near zero still more effectively in such a case, 
resonance frequency can be further stabilized to a temperature change. 
[0014] This invention consists or more of at least one of the thin films with which 
said outside thin film section uses as a principal component the thin film which 
uses Si02 thin film as a principal component, the thin film which uses a SiN thin 
film as a principal component, and 20aluminum3 thin film still more preferably. 
[0015] This invention consists or more of at least one of the thin film with which 
said inside thin film section uses ZnO as a principal component, the thin film 
which uses AIN as a principal component, the thin film which uses titanic-acid 
lead zirconate (PZT) as a principal component, the thin film which uses lead 
titanate (PT) as a principal component, and the thin films which use barium 
titanate (BT) as a principal component still more preferably. 
[0016] This invention is still more desirable, said substrate has opening or a 
crevice and said oscillating section is formed on said opening or a crevice. Here, 
opening means the space section in the condition of having penetrated the front 
rear face of a substrate. The space section which the crevice was dented in the 
shape of an owner bottom in the whole surface side of a substrate, and was 
formed is said. Thus, the resonance characteristic improves by forming the 
oscillating section on opening or a crevice. 

[0017] From the above thing, according to this invention, small fluctuation of as 
opposed to [ get it blocked and ] the temperature change of resonance frequency 
of a resonance frequency temperature coefficient can be small controlled to 
fluctuation of thickness, and the piezo resonator by which the resonance 
response was extremely stabilized to the temperature change can be offered. 
[0018] In addition, bringing the resonance frequency temperature coefficient as 



the whole piezo resonator close to inter-electrode [ of a vertical pair ] at zero as 
structure which sandwiched the piezoelectric film which has a negative 
resonance frequency temperature coefficient, and the piezoelectric film which 
has a forward resonance frequency temperature coefficient, and attaining 
stabilization of the resonance response to a temperature change is indicated by 
JP,2001-203558,A. 

[0019] Moreover, losing the loss of the resonance energy in an electrode on 
0963040AEP2 specifications as a gestalt which exists the antinode of a 
resonance wave in an electrode as structure which inserted the piezoelectric film 
into the electrode of a vertical pair, and making the resonance characteristic 
good is indicated. 

[0020] Moreover, carrying out the laminating of this piezoelectric film and the thin 
film of an opposite sign to inter-electrode [ of a vertical pair ] in the center of the 
thickness direction between the piezoelectric films of a pair, and making the 
temperature characteristic of resonance frequency good is indicated by JP,1- 
48694,B. 

[0021] Like this invention, since the antinode of an oscillatory wave is not located 
in a counterelectrode, not using 2 double wave, neither of the cases can 
demonstrate effectiveness of this invention. 

[0022] electrodes [ in / the filter concerning this invention is equipped with the 
plurality of the piezo resonator concerning this invention, and / those piezo 
resonators ] - the configuration of a filter circuit - connection - it is a filter. 
[0023] Moreover, the filter concerning this invention is a filter which comes to 
connect the piezo resonator concerning this invention with plurality and a ladder 
mold. 

[0024] The duplexer concerning this invention is constituted using the filter 
concerning above-mentioned this invention. 

[0025] The electronic communication equipment concerning this invention is 
equipped with one or the plurality of a piezo resonator concerning this invention, 
and uses those piezo resonators for electronic communication link actuation. 



[0026] 

[Embodiment of the Invention] Hereafter, it explains based on the gestalt of the 
operation which shows the detail of this invention to a drawing. 
[0027] (Basic structure of a piezo resonator) With reference to drawing 1 , the 
basic structure of the piezo resonator of the gestalt of this operation is explained. 
[0028] 1 shows the whole piezo resonator. A piezo resonator 1 is a thickness 
longitudinal-oscillation mold, and is equipped with a substrate 2, diaphram 3, and 
the oscillating part 4. 

[0029] It consists of Si (silicon) and a substrate 2 has the opening 5 which 
penetrates a front rear face. 

[0030] Diaphram 3 consists of Si02 (silicon oxide) thin film as the outside thin 
film section, and said opening 5 is formed in it on this substrate 2 with the wrap 
gestalt. 

[0031] The oscillating part 4 is formed on diaphram 3, and consists of inside thin 
film section 4c of one or more layers which was infixed between the 
counterelectrode of a vertical pair which consists of up electrode 4b and lower 
electrode 4a, and up electrode 4b and lower electrode 4a and which contains a 
piezoelectric film at least. 

[0032] Both the counterelectrodes 4a and 4b consist of aluminum (aluminum). 
[0033] Inside thin film section 4c consists for example, of a ZnO (zinc oxide) thin 
film. 

[0034] (Example of manufacture of a piezo resonator) The example of 
manufacture of the piezo resonator of the above-mentioned structure is 
explained briefly. Both sides of a substrate 2 are oxidized thermally and thermal 
oxidation Si02 thin film is formed. Thermal oxidation Si02 thin film by the side of 
the front face of a substrate 2 serves as diaphram 3. Corresponding to said 
opening 5, patterning of the thermal oxidation Si02 thin film by the side of the 
rear face of a substrate 2 is carried out using the photolithography method. The 
rear-face side of a substrate 2 is exposed by this. Anisotropic etching is carried 
out using lye to the rear face of this exposed substrate 2. This etching forms 



opening 5 in a substrate 2 because even Si02 thin film by the side of the front 
face of a substrate 2 reaches. Subsequently, lower electrode 4a is formed by lift- 
off vacuum evaporationo on the diaphram 3 which consists of Si02 thin film of 
substrate 2 front face. Subsequently, inside thin film section 4c which consists of 
a ZnO thin film is formed using the membrane formation technique of the 
sputtering method or others on this lower electrode 4a and diaphram 3. 
Subsequently, up electrode 4b is formed by lift-off vacuum evaporationo on this 
inside thin film section 4c. 

[0035] Manufacture of a piezo resonator 1 is completed by the above. 
[0036] (The description structure of a piezo resonator) And with the gestalt of this 
operation, in the above configuration, it shall vibrate by the oscillation mode of 2 
double wave equipped with the gestalt shown by the drawing 1 destructive line to 
a fundamental wave, and up electrode 4b and lower electrode 4a are prepared 
[ 1st ] in the location of the antinode of an outline and 2 double wave. The knot of 
this 2 double wave exists in inside-and-outside both the thin film section 3 and 4c. 
[0037] Since the antinode of 2 double wave is made the gestalt which exists in up 
electrode 4b and lower electrode 4a by this, the loss of the resonance energy in 
Electrodes 4a and 4b decreases, and the resonance characteristic becomes 
good by it. 

[0038] the gestalt of this operation -- the 2nd diaphram 3 and the oscillating part 

4 - let each thin film of each be the combination which has the resonance 

frequency temperature coefficient of an opposite sign mutually. When the 

thickness ratio of ti and both thin films is made into r=to/ti for the thickness of a 

ZnO thin film [ in / for the thickness of Si02 thin film which is moreover diaphram 

3 / to and the oscillating part 4 ], said thickness ratio r is set as the value which 

carries out the resonance frequency temperature coefficient of the piezo- 

resonator 1 whole concerned near zero. 

[0039] Said 2nd [ the ] is explained with reference to drawing 2 . 

[0040] In drawing 2 , an axis of abscissa is said thickness ratio r, and an axis of 

ordinate shows the resonance frequency temperature coefficient TCF. Moreover, 



** shows a fundamental wave and ** shows 2 double wave. And the thickness 
ratio r of each thin film is set up so that the oscillating part 4 in the gestalt of this 
operation may be excited by the thickness length resonance mode by 2 double 
wave, and let the thickness ratio r be the range of 0.6-1 .3. 
[0041] The resonance frequency temperature coefficient TCF becomes that the 
thickness ratio r is this range with +10--10ppm/degree C mostly. Therefore, the 
resonance frequency temperature coefficient TCF can be mostly set as zero by 
setup of said within the limits of the thickness ratio r. It can be made to stabilize 
to the temperature change of the oscillation frequency in a piezo resonator 1 by 
this. 

[0042] In this case, it is because to be able to bring a resonance frequency 
temperature coefficient close to zero by said thickness ratio r adjustment is used 
as Si02 thin film with which the outside thin film section 3 has a forward 
resonance frequency temperature coefficient and it considers as the ZnO thin 
film with which inside thin film section 4c has a negative resonance frequency 
temperature coefficient. That is, if thickness to of the outside thin film section 3 
which has the forward resonance frequency temperature coefficient TCF is 
enlarged to inside thin film section 4c which has the negative resonance 
frequency temperature coefficient TCF and the thickness ratio r is enlarged one 
or more when the thickness ratio r is 1 in drawing 2 , the resonance frequency 
temperature coefficient TCF will approach [ the thickness ratio r ] zero up to the 
1.3 neighborhoods. Furthermore, if thickness to of the outside thin film section 3 
is enlarged and the thickness ratio r becomes 1.3 or more, the resonance 
frequency temperature coefficient TCF will separate from zero, and will become 
large at a plus side. Moreover, when making small thickness to of the outside thin 
film section 3 and making the thickness ratio r small, the resonance frequency 
temperature coefficient TCF approaches zero up to the 0.6 neighborhoods. 
Furthermore, if thickness to of the outside thin film section 3 is made small and 
the thickness ratio r is made or less into 0.6, the resonance frequency 
temperature coefficient TCF will separate from zero, and will become large at a 



plus side. 

[0043] Thus, it can be made to stabilize to the temperature change of the 
resonance frequency in a piezo resonator 1 with the gestalt of this operation by 
adjusting the resonance frequency temperature coefficient TCF to zero mostly by 
setup of the thickness ratio r. 

[0044] This invention is not limited to an above-mentioned operation gestalt, and 
can consider various application and deformation. 

[0045] In addition, since it is premised on those all positioning the antinode of 2 
double wave mostly with the following operation gestalten to using 2 double wave, 
up electrode 4b, and lower electrode 4a in this case, the temperature change of 
the resonance frequency shown by drawing 2 can use few fields by thickness 
ratio adjustment with the outside thin film section 3 and inside thin film section 4c. 
[0046] (1) Although it was 2 double wave with the operation gestalt of drawing 1 , 
it is good as a thing which shall not be limited to this and shall vibrate by the 
oscillation mode of a wave (however, n two or more integers) n times and by 
which up electrode 4b and lower electrode 4a are prepared in the outline and the 
location of the antinode of a n time wave. 

[0047] (2) As drawing 3 shows, it is good also considering the outside thin film 
section 3 as two-layer structure of thermal oxidation Si02 film 3a and SiN(silicon 
nitride)3b. 

[0048] since it consists of two-layer film 3a and 3b by which resonance frequency 
temperature coefficients differ in the case of this outside thin film section 3 - said 
both film 3a and 3b - the resonance frequency temperature coefficient of the 
outside thin film section 3 whole can be adjusted now by changing each 
thickness ratio suitably. By this adjustment, the rate of a temperature change of 
the resonance frequency of the piezo-resonator 1 whole can be made small, and 
the stability over a temperature change can be raised. 

[0049] (3) As drawing 4 shows, it is good also as 3d [ of Si02 film which formed 
the outside thin film section 3 by thermal oxidation Si02 film 3c and the spatter ] 
two-layer structure. 



[0050] According to the configuration of this outside thin film section 3, the 
temperature characteristic of the resonance frequency of said both film 3c which 
constitutes the outside thin film section 3, and 3d of the whole can be adjusted, 
and the temperature characteristic of the resonance frequency of inside thin film 
section 4c can be compensated. 

[0051] (4) As drawing 5 shows, it is good also considering inside thin film section 
4c as two-layer structure of the AIN (alumimium nitride) film 4c1 and the ZnO film 
4c2. 

[0052] According to the configuration of this inside thin film section 4c, the AIN 
film 4c1 has a forward resonance frequency temperature coefficient, and the ZnO 
film 4c2 has a negative resonance frequency temperature coefficient. Therefore, 
inside thin film section 4c which compensates the resonance frequency 
temperature coefficient of the outside thin film section 3 which consists of thermal 
oxidation Si02 according to the two-layer structure of the AIN film 4c1 and the 
ZnO film 4c2, and brings the resonance frequency temperature coefficient of the 
piezo-resonator 1 whole close to zero can be obtained. Consequently, a piezo 
resonator 1 becomes that by which the temperature characteristic was small 
stabilized in the resonance frequency temperature coefficient. 
[0053] (5) As drawing 6 shows, make the outside thin film section 3 into 3d [ of 
Si02 film which formed membranes by thermal oxidation Si02 film 3c and the 
spatter ] two-layer structure, and it is good also considering inside thin film 
section 4c as two-layer structure of the AIN film 4c1 and the ZnO film 4c2. If it 
carries out like this, the same operation effectiveness as the above can be 
attained to coincidence. 

[0054] (6) As drawing 7 shows, the outside thin film section 3 may be consisted 
of from SiN film, and inside thin film section 4c may consist of AIN film. Also in 
this case, the operation effectiveness of the above (3) and (4) can be attained to 
coincidence. 

[0055] (7) As drawing 8 shows, make the outside thin film section 3 into AIN film 
3e and 3f [ of 20aluminum3 (aluminum oxide) film ] two-layer structure, and it is 



good also considering inside thin film section 4c as monolayer structure of AIN. 
Also in this case, the operation effectiveness of the above (3) and (4) can be 
attained to coincidence. 

[0056] (8) It is good as what consists or more of at least one of the thin film which, 
in addition, uses PZT (titanic-acid lead zirconate) as a principal component 
besides the thin film with which inside thin film section 4c in an oscillating part 
uses ZnO as a principal component, and the thin film which uses AIN as a 
principal component, the thin film which uses PT (lead titanate) as a principal 
component, and the thin films which use BT (barium titanate) as a principal 
component. 

[0057] (9) The piezo resonator 1 of the gestalt of this operation can be used, 
incorporating it as a filter element of pi mold ladder filter as shown by drawing 9 
(a), an L type ladder filter as shown by drawing 9 (b), T mold ladder filter as 
shown by drawing 9 (c), an L type ladder filter as shown by drawing 10 (a), and 
an L type ladder filter as shown in drawing 10 (b). In the case of such a filter, it 
becomes the thing of the filter shape stabilized to the temperature change. In 
addition, such each filter can form two or more piezo resonators 1 mentioned 
above on a substrate 2, and can complete the filter by which stability was carried 
out in the operating characteristic over a surrounding temperature change by 
connecting each electrode for each piezo-resonator 1 on these substrates 2. 
[0058] (10) In addition to this, by the cellular phone, wireless LAN, or being 
carried in all various electronic communication equipment, the piezo resonator 1 
of the gestalt of this operation can stabilize the operating characteristic over a 
surrounding temperature change, when using it for electronic communication link 
actuation of the electronic communication equipment concerned. 
[0059] (11) The piezo resonator 1 of the gestalt of this operation may be used as 
a component of the duplexer carried in communication equipment etc. As this 
duplexer 31 is shown in drawing 11 , the antenna terminal 32, the receiving-side 
terminal 33, and the transmitting-side terminal 34 are formed. This duplexer 31 
has the composition that a filter as shown by the piezo resonator or the above (9) 



concerning this invention which allows only passage of the RF signal of a 
necessary frequency band between the receiving-side terminal 33 and the 
transmitting-side terminal 34, and the antenna terminal 32 is contained. 
[0060] (12) As a modification of the piezo resonator concerning this invention, the 
thing of a configuration of being shown in drawing 12 may be used. While the 
piezo resonator 51 shown in drawing 12 forms a crevice 53 in the silicon 
substrate 52 bottom, the diaphram 54 as the outside thin film section which is in 
a wrap condition and consists silicon substrate 52 top face and its crevice 53 of 
two-layer [ of thermal oxidation Si02 film 54a and SiN (silicon nitride) film 54b ] is 
formed. The oscillating part 55 is formed on this diaphram 54. This oscillating 
part 55 consists of the inside thin film section 57 which was put between the 
counterelectrode, and this up electrode 58 and the lower electrode 56 of the 
vertical pair which consists of an up electrode 58 and a lower electrode 56 and 
which contains one or more layers of piezoelectric films at least. 
[0061] 

[Effect of the Invention] As explained above, according to this invention, are 
formed in the substrate and said substrate. In the piezo resonator which has the 
oscillating section of the structure which the up electrode and lower electrode of 
a pair are made to counter at least, and faces across the vertical side of the 
inside thin film section which has the piezo-electric thin film of at least one or 
more layers and which prepared two or more resonators While having the 
outside thin film section containing a piezo-electric thin film or a dielectric film of 
one or more layers under said lower electrode Since it vibrates by the oscillation 
mode of a wave (however, n two or more integers) n times and said up electrode 
and the lower electrode are prepared in the outline and the location of the 
antinode of said n time wave, said oscillating section can reduce the loss of the 
resonance energy in an electrode. And by this invention, since a thickness ratio 
field where a resonance frequency temperature coefficient is not sharply 
changed even if it changes somewhat the thickness ratio of each of said thin film 
section since it shall vibrate by the oscillation mode of a wave n times exists, 



stability of the resonance frequency is carried out to a temperature change by 
setting a thickness ratio as the field. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the piezo resonator concerning the operation 
gestalt of this invention 

[Drawing 2] The property Fig. of the thickness ratio and resonance frequency 
temperature coefficient in the piezo resonator of drawing 1 
[Drawing 3] The sectional view of the piezo resonator concerning other operation 
gestalten of this invention 

[Drawing 4] The sectional view of the piezo resonator concerning the operation 
gestalt of further others of this invention 

[Drawing 5] The sectional view of the piezo resonator concerning the operation 
gestalt of further others of this invention 

[Drawing 6] The sectional view of the piezo resonator concerning the operation 
gestalt of further others of this invention 

[Drawing 7] The sectional view of the piezo resonator concerning the operation 



gestalt of further others of this invention 

[Drawing 8] The sectional view of the piezo resonator concerning the operation 
gestalt of further others of this invention 

[Drawing 9] The circuit diagram of the filter using the piezo resonator of this 
invention 

[Drawing 10] The circuit diagram of the filter using the piezo resonator of this 
invention 

[Drawing 11] The approximate account Fig. of the duplexer using the piezo 
resonator of this invention 

[Drawing 12] The sectional view of the piezo resonator concerning the operation 
gestalt of further others of this invention 
[Description of Notations] 

1 Piezo Resonator 

2 Substrate 

3 Diaphram 

4 Oscillating Part 
4a Lower electrode 
4b Up electrode 

4c Piezoelectric film 
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